A discrete time model for succession of ground cover communities after clear cutting. A rx)del fbr succession oI ground cover communities bascd on the difference in lime of occurencc oI diflirent plant specie\ in succession has been devebped-Plant specics havc been divided into pioreer-inlernlcdiate and climax specics assuming that climax species can supersede pioneer spccics in competition for resources. By applling malrix nolations the model can be presented in quite a simple form. The paraIneters oflhe modcl were estimated, and the coursc olsuccession has bccn computed lbr a grou|d cover colnmunily following clear cutting.
Introduction
The concept of succcssion is used in order to dcscribc a scrics of directional changes in community structure. The successional community can be divided into several stagcs. ln particular, the concepts of pionccr and climax stages have been applied frequcntly for describing the differences bctwccn plant communities occupying thc samc sitc during early and late succession (Clements 1963: '72 '18, Mueller-Dombois and Ellenberg 197.1: 3iJ0-397) . Thc community members are called pionccr or climax species, respectively. Thus plant species have been divided into diflercnt catcgories according to the stage at which they occur during community development. The present classification is crude, but it does make it possible, howcvcr. to give a general desc ption of community developmenl during thc course of succession. C)n the other hard. this approach enables turther considcration to be made of the mechanisms involved in succession and its modellirg. The aim of the prescnt papcr is to develop a descriptivc modcl for community developnent in thc course of succcssion based on the difterent compctitional power oi the dillerent species catcgorics. The model has been applicd to thc ground cover ol a tree stand altcr clear cutling.
Study approach
The presence ol a plant species in a successional conrrnuiity is dependent on its compctitional power (cf. Clemcnts 1963: 72 78) . The process of succession is rather regular within the limits set by thc cnvironment and therefore the timc occurrence for each species can bc recognized. In practice. however, it is possible to distiiguish only a few catcgories, such as pioneer and climax spccics. ln addition to these two categories, a catcgory for intcrmediate species is introduccd. i.c. for species which occur in the intermediate stagc of succes sion. Lct x;, denotc thc non occupied area in the year n. x:,, the area occupied by pioneer species, x3,, thc arca by intermediate species and xr,, thc arca by climax species. corrcspondingly. 'l he reoccupation ralio aij is defined as the ralio belween the area vacated by spccies class i from the species class j and thc arca of species class j.
Thus the area reoccupied by species i from species 1 is Thc climax species can increase its area at thc expense oi the othcr species. This can be forrnulated as lollows x'ln = arr xrn-r * ilr2 x2*r * aa3 xrn | * Xan r.
(
The intcrmediate specics can increasc its area at the cxpcnse ol non-occupied areas and pionccr species classes and losc it to climax species xj. : arr xln 1+ a3? x2*l + x3Fl ar3 xrn t.
The pioneer species can increase their covcrage at the expcnse of non-occupied areas and lose it to intcrmediate and climax species xjn : a2r xrFr + x2n r ar2 x2n l -a42 x2n,l.
Thc non-occupied arca can only decrcase The present model is trascd on the assumption that the compctitivc power of each successional category does not change during the coursc of succession. According to this assumption dcvclopment ol the cdnmunity approachcs a steady state where the abundance of the different species renlains unchangcd and the communitv structure is characterizcd by climax species with patchy and low occurrence of other succcssional categories.
Owing to the computational procedure the proportional relatioDs bct'"!cen species' abundanccs in stationar! composition are independent of the initial composition ol the plant communit,v anil are only delermincd by the matrix of compctitive power ol successiooal categories-'l'hus, the events taking placc in thc environment beforc the appearance of the initial commurrity have no cffccts on thc coursc of cornrnunity clevclopmcnt determined bv matrix of competitive powcr (cf. Horn 1976) .
The prcscnt model is cornpiled in such a way thal pioncer species are suppressed by intermediate species and clirlrax species and interrnediate species by climax specics, i.c. hicrarchically. O$in8 to the reproductive strategy of vascuiar plaits in thc grouDd cover such stlccessional processes in thc ficld Iayer are evident. I)uc to thc clonal distribution of plant species it is ordinary that plant species heloDging to othcr successional cateSorics than pioneer specics appcar in early successional stages. and hcnce the hierarchical occupation of a site is pos-20
Fig. L Regn of data collcclion doDe in the tnalysis. Tree strata and brush laycr wcre ercluded iroIn the material o$irg to thc changes in their structure caused by silvicultural measLrres. A detailed description concerning the methods applied in thc dcscription oi ground cover is givcn by Kujala ( 196.1) .
'lhc plant spccics of the gnrund cover were divided into pioneer. intermediale and climax specics. ln particular. the studics by Kujala (1926a. b) concerning the ecoll)gical lroperties of diiferenl plant species were applied in classilicalion. sible, as argucd by Witlbrd (19, 19) and Oinonen (1968 Oinonen ( , 1971 . ln the bottom la-ver. i.e. among the mosses and Iiclrens, hierarchical succession is not absolutely ncccs sary. lt is reasonable to assume that plant species invade the bottom laycr communities onc after another in such a way that carly successional species make thc site suitablc for late successional species as suggcsted by Clements (1963) . However, it is evidcnt that hierarchical s cce\\ion i. thc nrlin procuss,.ti.ucces.ion among !a\-cular plants as a rcsult of vegetativc rcproduction which is favoured in natural sclcction as regardcd adaptation r,' Jeireasing rc'r'ur((.of the dc\(l,,pingcommunitl us argucd by Horn ( 197(r. Thc present method Sivcs no answer to the qucstion rcgarding the mechanisms involved in competitivc hicrarchy. According to Horn ( 1971) rhe most probable rcas()ns for differenccs in successional status belween plant spccics are found in the relationship bctweeD growth rate and light conditions of ditfcrcnt plant species. ln particular. diflerences arc caused by the distri bution of leaf mass in growth volume! and species with mulli-layer leaf distribution seem to bc superior 1o species with monolayer leaf distritrution in great light intcnsities. and mono-laycr species are adapted to low lighl intensities. IJorn (1971) supposcs that dillerenccs in plant rpr. ie. fhotos\!)lh. lic rr\f\onsc\ l,r !arling liglrt intensilies arc, however. not sufficient to explain successional processes, but thc constitutional diffcrcnccs in photosynthetic activity seem to be compensated by the distributional pattcrn of assimilatcs to shoot and root svstems. Schultze (1972) agrccs with the latter assumption. and demonstratcs that high energy investnent primarily abovc ground with thc cstablishment of ncw lcavcs gives a plant spccics a high competitivc po tential (cl. also Licth and Aston l96l). As regards the adaptive stratcgy of plaIr{ specics it may be tneaningful that carly successional spccics grow quickly but cannot survive in suppresscd conditions as can dominates of the late successional stages (cl. Horn 1976) .
Thc present model is coDstructed frorn lbur succcssi onal calegories but gcneraliziDg lbr a largcr number of catcgorics does not inr'olve much trouble. In theory. the model can be computcd using one spccics but greal practical problems are encountcd in determining thc succcssional slatus of each species as regards ground co!er. In this respect thc tree stratum is irot so conrplicated and a morc precise application of the present modcl could be possible as suggcsted by Horn's (1976) formulalions lbr trcc stratum based oD dcmographic charactcristics of tree stratunl.
Prediclions for the coursc of succession of field and bottom laycrs were also carried out.'I'he results show that the dominrnce of grasses and herbs in early succession changcs to the dominance ol dwarf shrubs and mosses as cornmunity developntent is taking place. as cxpcctcd. This result is onl,"-to bc cxpected and is dcpcndent on thc classification applied in lbrmation of successional categorics but i1 does agrcc with tlle prcl0,l sent knowledge concerning the succcssioDal status of mcmbcrs of ground covgr comnrunities in Finnish conditions (cf. Kujala 1926a, b) . Applying matrix notations thc idcas havc been operationalized in order to allow quantitative analysis. What is evidcntly more problematic is the quality of thc matcrial since it includes unspecificd variation caused by the general approach, i.c. the present successional series is compiled by the stands representing cross scctions of different successional series.
'l'he monitoring of permanent plots would providc much better facilities for the analysis of the present problcm than the available nlaterial. However, this fact does not decrease the reliability of the results to any great extcrt as discusscd earlier.
